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Abstract 
The standard device of vacuum comparison is built compared the dynamic method, the static compared method and the static 
expansion method, this device combined three methods are to meet the wide range of calibrating vacuum gauge. It is used to 
calibrate 1×105 ~5×10-4Pa within the scope of various types of vacuum gauge. The characteristic of this equipment is a simple in 
structure, easy to operate, high efficiency, practicability of the vacuum standard. Especially suitable for a large number of routine 
calibrations, the device consists of turbo-molecular pump, calibration container, the standard vacuum gauge and metal expansion
valves and other components, and its main technical specifications in line with the International Standards Organization (ISO) 
and the domestic vacuum standards.
© 2009 Published by Elsevier B.V. 
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1. Introduction
Vacuum calibrating technique is more complex, and standard device cost relatively more expensive, this 
system has many advantages such as high precision and reliable vacuum gauge which it used as the standard. This 
vacuum gauge is a simple structure, wide range, low cost, easy to operate standard equipment; the calibration device 
uncertainty depends on the reasonable design and selection of standard uncertainty. Before need to use three vacuum 
standard equipments which have different structures and vacuum principles, to achieve the required range of 
pressure calibration [1]. With the development of technology, especially the development of space technology in 
order to improve efficiency, solving the task of a lot of vacuum gauge calibration, also for calibration more 
accurately for space services, on the analysis of the advantages and disadvantages of domestic and foreign similar 
standards, we developed a new vacuum calibration device. The calibration device used three methods example 
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dynamic comparison method, the static expansion method and the method of static comparison method, and it can 
be to achieve a 1 × 105 ~ 5 × 10-4Pa, meet the space needs.  
2. Theoretical analysis and structural design
    Deeply understanding the physical theory is the basis for the design of vacuum system, in a vacuum system, the 
distribution of gas molecules flow field it is to pressure measurement, pumping speed measurement and mechanical 
structure design must be considered as an important factor. the design room is the key part of this vacuum 
calibration device, calibration chamber container shapes, sizes and in the distribution of molecular flow in 
containers are directly to the accuracy and stability [2]. Therefore, the container of molecular flow distribution was 
studied. In distribution uniformity, isothermal, isotropic thin air condition, the gas molecules to comply with the 
Maxwell velocity distribution and the cosine law, and the pressure values have obvious physical significance in this 
state, and the two formulas can be set up. In spherical container most suitable establish this air condition. Paper [3]
gives the spherical surface of the container distribution of molecular flux density curve (Figure 1); it has guiding 
significance for the structure design of calibration chamber.  
                       
                  Figure 1 spherical vessel density of the molecules flow  
As can be seen from Figure 1, spherical container distribution of molecular flow. That is, within the system in 
the spherical surface, molecular flow field is not completely uniform, in the molecular flow density is the largest 
near the entrance, and between the entrance and the equatorial is smaller. The largest difference between them is 
about 1.5%, the average deviation of about 0.7%, while in different test points near the equator maximum deviation 
is about 0.32%, and the average deviation of only 0.13%.  
    Calibration container structure design also takes into account the surface area to volume ratio should be as small 
as possible, so choose spherical container is the best, because the spherical container surface area is smallest to the 
same large volume ball, and in the container to establish a flow of isotropic motion of molecules state. However, it 
is the high cost for spherical containers, processing is more complex. If you choose cylindrical container, they are 
required that tube length and tube diameter ratio is less than 4. In the design of the calibration chamber volume, 
witch the volume is greater than that connected to the all vacuum gauge total volume of 20 times, but also to 
consider the container is too large amount of gas large, long extraction time, low efficiency of measurement tests. 
Design of the device calibration chamber total volume of container 22.4L, with nine standard flange interface, and 
can be accessed by 5 vacuum gauge calibration, through the calculation the vacuum gauge for the total volume was 
0.12L, and far less than the calibration chamber volume.  
3. Calibration Methods 
     According to our current needs and existing technical conditions for vacuum gauge calibration, we developed 
three forms composite program which including a comparison with the static method, static expansion method and 
dynamic comparison method [4], in the high vacuum region that FB-1 second-class standard ionization vacuum 
gauge is a standard, in which we are no longer described in detail because the regulation of the performance this 
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gauge manufacturers have done a lot of experimental data, and we can refer to their research data.  
     In the pressure range of 1 × 105 ~ 1 × 10-1Pa, we adopt comparison with the static method, the measurement 
standard use of MKS Inc. U.S. type670 capacitance diagram gauge˄CDG˅.
    In the pressure range of 1 × 102 ~ 1 × 10-1Pa ,we adopt the static expansion method, which the expansion of the 
sample large volume of about 5ml, the expansion of sampling small-volume is 0.5ml, bottle filling pressure before 
the ballast chamber is about 1 × 105 ~ 2 × 103 Pa, measuring with the U.S. MKS type PR4000 capacitance diagram 
gauge˄CDG˅.
    In the pressure range 1 × 10-2 ~ 5 × 10-4 Pa, the dynamic matching method, the standard use of Chengdu Ren Hua 
Technology Co., Ltd production of type BDJ-1 standard ionization gauge or MKS company type SRG-2CE spinning 
rotor gauge˄SRG˅.
Calibration device are shown in Figure 2:  
      
                    Figure 2   Schematic diagram of the calibration Apparatus 
 1 –gas bottle; 2, 3–all metal isolation valve; 4 - metering valve; 5 - ballast room; 6 , 7- vacuum gauge; 8 - 
sampling chamber I; 9 - bypass valve; 10 - metering valve; 11 - sampling chamber II; 12 - electromagnetic isolation 
valve; 13 - mechanical pump; 14 - electromagnetic isolation valve; 15 - pre-stage molecular pump; 16 - the main 
molecular pump ; 17 – manual ultra-high vacuum˄HUV˅valve; 18 - orifice with constant conductance; 19 - 
calibration room; 20 - capacitance diagram gauge˄CDG˅ I; 21 - capacitance diagram gauge˄CDG˅ II; 22 - 
capacitance diagram gauge˄CDG˅ III; 23 - all metal partition valve; 24 - spinning rotor gauge˄SRG˅; 25 –
extractor gauge˄EXG˅
3.1 Dynamic comparison method  
Close the bypass valve, manual ultra-high vacuum valve and through the molecular pump continuously exhaust 
with constant conductance orifice on the calibration chamber. The ballast chamber gases was introduced into the 
calibration chamber by the metering valve, by controlling the metering valve or change the gas pressure in ballast 
chamber that may be in the calibration chamber to establish a stable, uniform pressure homeostasis. Comparison 
reading between the vacuum gauge connected to the calibration chamber and reference standard. This method relies 
FB were standard ionization vacuum gauge and SRG-2CE magnetic rotor vacuum gauge as a reference standard is, 
can be used on the 5 × 10-4 ~ 1 × 10-2Pa pressure range vacuum gauge calibration.  
3.2 Static expansions 
    close the bypass valve and isolation valve, when the vacuum calibration chamber pumped to the ultimate vacuum, 
close the manual ultra-high vacuum valve, regulated by the metering valve 4 room filled to the required calibration 
gas pressure P1. Let a small sample volume 8 or 11 through ball valve connected with the ballast chamber, and then 
change the direction of three direct links valve of ventilation, so that the calibration sample a small container to the 
calibration gas isothermal expansion chamber, and thus produce the calibration chamber pressure calibration 
required. Two samples of small volume containers I and II, respectively, about 5mL and 0.5mL, calibration chamber 
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volume of about 22.4L. This method can be used to 1 × 10-1 ~ 1 × 102Pa pressure range vacuum gauge calibration.  
3.3 Comparison of static method
    when the calibration chamber pumped to the required degree of vacuum, close the manual ultra-high vacuum 
valve 17, open the bypass valve 9, and a suitable calibration gas was filled in the ballast chamber. Then metering 
valve 10 was closed, and the CDG as a reference standard in the calibration chamber, which calibrate the vacuum 
gauge by comparison. This method is used calibration vacuum gauge on the 1 × 105 ~ 1 × 10-1Pa pressure range.  
4. the composition of the calibration device  
    There calibration device are consisting of exhaust system, calibration chamber, ballast chamber, gas supply 
system and measurement system, etc. [5]. All-metal vacuum system is designed by ultra-high vacuum structure. To 
speed up the container surface outlet of the calibration chamber, for get a good ultimate vacuum that we can 
wrapped baking belt on the calibration chamber outside.  
4.1 pumping system  
      pumping system adopt double turbo molecular pump, this pumping units that can improve the quality of the 
compression ratio of the number of low gas molecules, and it can be easily obtained higher vacuum in the 
calibration chamber. The mechanical pump pumping is 4L / s. After baking, the exhaust system can make the 
calibration chamber pressure better than 5 × 10-6Pa.  
4.2 Calibration Room  
    spherical container of Calibration chamber diameter with 350mm, because the spherical container most likely to 
establish molecules of uniform flow field, therefore, that is in favor of using to comparison with the dynamic. To 
ensure the same vacuum conditions between the reference vacuum gauge and the calibrated vacuum gauge, which 
the calibration chamber was designed symmetrically, the gas injection point and the exhaust port in the calibration 
chamber of two poles. Orifice molecular formed directly in the spherical container, in order not to destroying the 
spherical structures. Calibration room has nine CF35 flanges interface, and two standard 4 VCR Interface. These 
interfaces are used to connect reference gauge, EXG, calibrated gauge etc. They are located in the same axis 
perpendicular to the equatorial plane in connection with entry and exit. In order to avoid mutual influence when 
these vacuum gauges at the same time working, we make the connection between any two interfaces do not through 
with its center. Another there is also a standard 4 VCR connector used to connect air release valve.  
4.3 The Ballast Room  
    Ballast room consists of six interfaces. Which a KF25 flange for connecting electromagnetic isolation valve 12, 
and two KF16 flange for connecting low-vacuum gauge and low vacuum reference standard gauge. Two 4 VCR 
connectors are for metering valve 4 and 10. There is also a standard flange as alternate interface for helium mass 
spectrometer leak detector. By valve 12, mechanical pump may be pumping chamber of the ballast. The ballast 
chamber volume is 10L, it can guarantee that sampling several times the sampling chamber pressure no significant 
decline with the dynamic and the static expansion calibration. 
4.4 Gas Supply System  
    Gas supply systems including gas bottle 1, all metal isolation valve 2, metering valve 4 and 10, all metal isolation 
valve 3 and 9. Metering valve 4 and 10 are respectively adjusting the gas flow chamber for the ballast to the 
calibration chamber. In order to reduce the time of high-pressure gas-filled, and the two all metal isolation valve 
valves are designed to metering valve.  
4.5 Measurement and Control System 
This system has four CDG and one SRG, and one the second standard FB-1, we use Virtual Instrument ˄VI˅
software LabVIEW[6], develop programs CDG and the SRG, and achieve the data acquisition and preservation of 
automation from this calibration device, so improved measurement accuracy and automation level. For detailed 
procedures about control programs, please pay attention to our article published in the next six months “The design 
of vacuum calibration device measurement and control system." 
5. Performance of the calibration device
5.1 Ultimate vacuum  
In order to test the reliability of the calibration device for a long time, after high temperature baking, and the 
measured ultimate vacuum is 4.6 × 10-6Pa. JJG729-91 “Dynamic Relative Vacuum Apparatus (Grade Ċ)" requiring 
the calibration device of the bottom pressure should not exceed the limits of the pressure equipment of 2.0% [7]. We 
used the first calibration point pressure is 3.0 × 10-4Pa, and can reach the affect of base pressure on the first 
calibration point is 1.5%, to meet the ultimate of the calibration pressure, between the second and the third 
calibration points are respectively as shown in table 1, which are have satisfied the requirements.  
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Table 1: The local vacuum for calibration point 
1. Pressure˄Pa˅ 2. value 3. Influence of test points 
4. Devices ultimate vacuum 5. 4.60×10-6 6.
7. The first calibration point 
pressure 
8. 3.00×10-6 9. 1.5% 
10. The second calibration 
point pressure 
11. 6.00×10-6 12. 0.77% 
13. The third floor calibration 
point pressure 
14. 9.00×10-6 15. 0.51% 
5.2 Stability of the dynamic comparison method of testing.  
Stability of the standard equipment is a key index, and the national second-class standard of the vacuum 
requirements pressure stability within 2min less than 1.0%. In order to ensure measurement time stability of the 
reliability, will measure during 2min, the method is required to flow into the calibration chamber, when they reach 
the dynamic balance, and the observed changes within 2min whether to meet the pressure stability is less than 1.0 %, 
and results are as follows in Table 2 and Figure 3. 
Table 2:  the measurement results of the stability 









21. 1 22. 3.01×10-4 23. 2.99×10-4 24. 2×10-6 25. 0.67% 
26. 2 27. 5.87×10-4 28. 5.86×10-4 29. 1×10-6 30. 0.17% 
31. 3 32. 9.04×10-4 33. 9.02×10-4 34. 2×10-6 35. 0.22% 
36. 4 37. 2.99×10-3 38. 3.01×10-3 39. -2×10-5 40. -0.66% 
41. 5 42. 5.98×10-3 43. 5.97×10-3 44. 1×10-5 45. 0.17% 
46. 6 47. 9.00×10-3 48. 8.98×10-3 49. 2×10-5 50. 0.22% 
51. 7 52. 3.02×10-2 53. 3.01×10-2 54. 1×10-4 55. 0.37% 
56. 8 57. 6.12×10-2 58. 6.11×10-2 59. 1×10-4 60. 0.18% 
 Figure 3   Stability of the pressure measurements curves 
     From the above test data results, stability are less than the standard 1.0%, we can see the stability of the device 
are pretty good. 
5.3 static expansion method 
     In the process of development , after a great deal of research, when the calibration vacuum gauge that the static 
expansion, must measures precisely volume ratio between sampling small volume and calibration vessel, so volume 
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ratio measurement is very crucial. In the past the glass expansion device commonly adopted, weighing method, and 
the structure of these metal expansion devices more complex, irregular connected piping and distilled water 
compressed gas to the formatting of dead space, which is to cause great uncertainty for volume ratio. In the national 
the commonly method is measuring pressure to determine the volume ratio, the uncertainty of this method depends 
on the vacuum gauge was calibrated.  
     Specific steps, that calibration device is heated baking except to pumped ultimate vacuum, with LEYBOLD 
company’s in Germany high-precision capacitance diaphragm Gauge (CDG), which was constant temperature after 
24 hours, measured the ballast chamber pressure P1, then P1  was to sample the small size 8 or 11 (located volume of 
V1) and then expanding to the calibration chamber, measured with a CDG pressured of P2, volume of V2, and 
continuous change in P1 ,get a group of P2, so that you can get a pressure ratio, from the formula (1), and pressure 
ratio and volume ratio also known after that. Measurement results were as table 3, figure 4 and table 4, as shown in 
figure 5             
1221 PPVV                  (1)  
             Table 3:  0.5 ml volume ratio measurement result 
61. Serial
Number 
62. ballast chamber 
pressure˄Pa˅
63. pressure of 
calibration chamber 
after expansion˄Pa˅
64. volume ratio 
65. 1 66. 12490 67. 0.42 68. 3.39×10-5
69. 2 70. 12490 71. 0.92 72. 4.00×10-5
73. 3 74. 12490 75. 1.42 76. 4.00×10-5
77. 4 78. 12490 79. 1.99 80. 4.53×10-5
81. 5 82. 12490 83. 2.48 84. 3.95×10-5
85. Average 
value 
86.  87.  88. 4.00×10-5
   Shows the average value is 4.00 × 10-5 of calculated 0.5ml volume ratio measurement results  
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 Figure 4:  0.5ml volume ratio curve 
When the calibration chamber pumped 0.015Pa pressure, and around the pressure for calibration chamber 
pressure after expansion at this time can be neglected.  
Table 4:  5 ml volume measurement result 
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89. Serial
number 
90. ballast chamber 
pressure˄kPa˅





93. 1 94. 15.67 95. 8.34 96. 2.59×10-4
97. 2 98. 15.64 99. 12.39 
100. 2.58×10-
4
101. 3 102. 15.62 103. 16.42 
104. 2.58×10-
4
105. 4 106. 15.59 107. 20.45 
108. 2.58×10-
4
109. 5 110. 15.57 111. 24.47 
112. 2.58×10-
4








Visible, the average value is 2.58 × 10-4 of calculated 5ml volume measurements  
                          Figure 5:  5ml volume ratio curve 
From the 5ml volume ratio curve can be seen, the volume ratio curves was became stable from the second point, and 
calculated is the same value for volume ratio.  
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    After the calculating volume ratio, it can be obtained the standard pressure value after knowing ballast room 
pressure, and then be calibrated with vacuum gauge for comparison.  
6. Conclusion
    After performance testing, the main technical specifications of this vacuum calibration device can be satisfy three 
methods technical such as the dynamic comparison method, static expansion and the comparison method of static 
for vacuum gauge calibration, it can be used to calibrate the various vacuum gauge from1 × 105 to 5 × 10-4 Pa 
pressure range, and also suitable for every vacuum metering station. The vacuum calibration system is a convenient 
and practical calibration device and it play s an important role in safeguarding for our space developed [8].  
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